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Overview
Given the World’s commitment to keeping global temperature increase below 2C, understanding the drivers and implications of innovation in CO2-intensive sectors of the economy is of the essence. We investigate these dynamics in the context of the UK Electricity Supply Industry, which has undergone profound changes over the last quarter century due to a transition toward liberalised electricity markets and a strong push to decarbonise the electricity generation portfolio. Using data on a panel of UK firms between 1997 and 2017, this study shows that innovation has shifted in two ways: first, to smaller entities and universities, with increased spillover between these two actors; second, further down the value chain of the electricity supply industry.
Methods
The present study covers a panel of UK firms over the period 1997-2017. The originality of our results lies in the construction of a unique firm-level dataset based on the European Patent Office (EPO) Worldwide Patent Statistical Database (PATSTAT), the Bureau van Dijk (BvD) FAME© database and the UK Office for National Statistics (ONS) Business Structure Database (BSD). The table below presents the variables contained in the dataset and their associated source:
	Variable(s)
	Proxy(ies)
	Source

	· Innovation outputs
	Counts of patent applications
	European Patent Office (EPO) Worldwide Patent Statistical Database (PATSTAT) – version Autumn 2018.

	· Ownership structure
	Foreign/domestic, mother/daughter company 
	Bureau van Dijk FAME© database; Thomson Reuters Eikon

	· Firm size
· Geographical spillovers
	# of employees, firm size, plant location
	UK Office for National Statistics (ONS) Business Structure Database (BSD)

	· Innovation input
	R & D expenditures
	Bureau van Dijk FAME© database; Thomson Reuters Eikon


When studying innovation dynamics at the firm-level using patent and accounting data, three methodological issues arise. First, despite the technology classification developed by the World Intellectual Property Organization (International Patent Classification), identifying the galaxy of patents “relevant” to a particular sector of the economy remains challenging (Dechezleprêtre et al., 2011). In other words, our proxy for the innovation output comes with a measurement error. Our patent selection strategy seeks to improve on existing strategies by combining standard keyword-based and actor-based patent search with random forest classification algorithms;  in a vein similar to  Kreuchoff et al. (2017).
The second obstacle to such analysis is the absence a of common single identifier between patent and accounting databases (Torrisi et al., 2010). Matching between patent and accounting datasets must then be performed based on secondary identifying features such as company names and postcodes. We follow earlier literature (OST, 2014) and execute a fuzzy matching between datasets on a key combining both of the above features. This step is made considerably easier since the OECD has undertaken work to provide harmonised patentee names (Magerman et al., 2006) and the Bureau van Dijk FAME© database records all previous names of a legal entity.[footnoteRef:1] A further and last step then needs to be undertaken to harmonize the dataset at the level of the legal entity. [1:  This is of great importance since the same patentees have, over the years, submitted patent applications under (minor) variations of their name (e.g. with and without legal denomination such as Ltd., Plc,…).] 

Finally, investigating the relationship between innovation output and firm characteristics requires a careful econometric approach, as highlighted by earlier literature. First, our outcome variable is a discrete count variable, which calls for the use of dedicated count data models (Hausman et al., 1984; Blundell et al., 1995). Second, whether or not companies decide to undertake R&D – and whether or not to report it – depends on their own characteristics, leading to a potential selection bias requiring adequate econometric treatment (see, e.g., Bound et al., 1984). 
Results
The purpose of this analysis is to: 
I. Identify the latest trends in innovation in the UK Electricity Supply Industry, contrasting them with earlier empirical findings (Jamasb & Pollitt, 2008, 2011, 2015);
II. [bookmark: _GoBack]Relate these trends to theoretical predictions established by the literature on (i) directed technical change (Acemoglu, 2002; Acemoglu et al., 2012), (ii) competition and innovation (Aghion et al., 2005), (iii) firm characteristics and innovation;
III. Provide an empirical test of these predictions in the context of the UK ESI.

Preliminary data investigation suggests that patenting activity in the UK ESI picked up towards the late 1990s, spiked in 2010 and decreased thereafter, with these variations overwhelmingly driven by patent applications classified as related to climate change mitigation technologies by the EPO. Besides this, a large share (>60% on average over the period considered) of total patent applications continues to be filed by companies (as opposed to individuals, government organisations or universities), but that this innovation activity has shifted from large utility companies to smaller entities located further down the value chain of the Electricity Supply Industry. This is supported by our initial econometric results, which also confirm the role played by climate policies in the pace and direction of technical change in the UK ESI.
Conclusions
In a world where innovation in CO2 abating technologies is more urgent than ever, understanding its drivers and implications is of the essence. In particular, it is crucial to understand how these may change as the transition to new modes of production and less CO2 intensive technologies takes place. To shed light on these issues, this paper has taken a look back at the developments that occured in the UK Electricity Supply Industry between 1997 and 2017. The results of this investigation confirm the observations made in earlier studies: there has been a general decline in innovation output by large generation utilities (at least as measured by patent counts) following liberalisation. However, this study goes further and its results suggest that innovation has shifted in two ways: first, to smaller entities and universities; second, further down the value chain of the electricity supply industry.
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